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Abstract 
 
The Build then Sell (BTS) system is expected to be adopted in various countries in the Asian region which includes 
Malaysia where it will be made mandatory by 2015. In this paper, an analytical valuation framework will be presented 
under this BTS concept to solve the optimal time of sales and obtaining the market values of the developed properties and 
this framework could provide an estimation for the estate developement project intrinsic value which can serve as a basis 
for financial institutions to grant loans for financing property projects that have yet to be booked in any sales. 
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1. Introduction  
 
The Build then Sell (BTS) system has been in practice in the developed countries such as the United 
Kingdom, United States and Australia where housing demand and supply is adequate. However, this BTS 
concept is considered to be relatively new and in consideration for adoption in some Asian countries like 
Malaysia, Indonesia, Singapore and Hong Kong. 
 
One of the main challenges faced by developers in adopting the BTS method is due to the lack of 
transparency scheme for project evaluation in obtaining a successful loan from financial institutions. 
Furthermore, relatively, little research has been carried out in formulating strategies that can increase the 
chances of successful implementation of the BTS policy [3], [4], [5].  Therefore, in view of the limitation, a 
comprehensive framework will be necessary in providing developers and bankers a more accurate evaluation 
in enhancing their decision making process.      
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This paper brings forward the idea of an analytical approach in real options framework to solve the 
optimal time of sales and obtaining the market values of the developed properties. This framework could 
provide estimation for the estate development project intrinsic value which can serve as a basis for financial 
institutions to grant loans for financing property projects that have yet to be booked in any sales. 
 
2. Use of Option Pricing Models in Real Estate 
 
2.1 Real Option Pricing Theory 
 
Real options can be thought of as an implicit options since they follow on as consequences of investment 
desicions. Under the BTS system, a developed property is an option to sell at some point in the future after 
completion and owning the property can be identical to owning a call option with an infinite life. The 
exercised price is equivalent to the accumulated money paid for the construction cost along the construction 
period while the market price is a function of unknown future housing prices and interest rate. The developed 
property may well have a present market value derived from the expected profitability of sell it immediately.  
 
However, it also has an option value because the developer can choose to postpone the sales until an 
optimal point in the future. These arguments are almost similar to the arguments of [9] which is one of the 
earliest real estate relavant discussions of real option. The study in [9] treats vacant lots of land as options to 
wait to develop in real estate development. 
 
2.2 Property Valuation Models 
 
Several attempts in real option valuation approach by [10] and [6] are the formal model for properties 
valuation. Apart from the famous Samuelson-McKean model [2], [7], the model of [6] is a popular real option 
model in real estate development.  Quigg’s work presented the first empirical effort to test real option pricing 
models.  It is widely cited not just in the area of real estate development but also in the general literature of 
real options as supporting evidence for the use of real option models. The model in [6] is considered as a 
generalization of mathematically equivalent to the framework of [10]. 
 
As such, it is a nature choice for the proposed study to be based on [6] framework and notation for 
subsequent development of model on new estate development scenario under the BTS system. 
 
 
3. Build Then Sell Financing Practice 
 
The financial status of developers at different stages of development under the 100% BTS system with 
Certificate of Completion and Compliances (CCC) is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:   Financial status at different stages of development under 100% BTS system 
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During the construction stage that is from point A to point B, purchasers are not permitted to buy the 
houses as the incomplete houses are not open for sale. In this situation, developers will not receive any down 
payments and monthly instalments from the purchasers to fund the construction costs or repay the bridging 
loans that secured from banks or financial institutions. Hence developers will need to secure more bridging 
loans to fund the project. 
 
At point B that is project completion stage, the houses are now ready with Certificate of Completion and 
Compliance (CCC) and will be officially launched. Purchasers will have to pay 10% of selling price upon 
signing the sales and purchase agreement. The breakeven point will not meet the actual total cost at this point 
B. After the point B, [12] defined end financing as the funding provided or payment made by the house 
buyers and their bankers to the developer.  Net inflows may need longer time to move into the profit account. 
 
4. Real Options Valuation Approach Framework under BTS System 
 
4.1 Overview 
 
In BTS system, the project development will be framed into two non-overlapped stochastic process such 
as costs and price processes over the time interval . As the construction process progressed, costs impact 
is accumulated over time while the sales value is the projected future value at the appropriate time of sales. 
After the completion of construction, the costs of holding are the interest charged on the sunk capital invested 
and the market value will follow a stochastic process over an allowable holding period which movement may 
be independent of the sunk costs.  
 
Therefore, we have to model the price process separately from the costs process base on their time 
interval. The “costing procedure” is over the time interval  where the “pricing procedure” in time 
interval  as shown in figure 2 as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:   Project developments under BTS system 
 
The model presented is a fairly general, infinite horizon, continuous time model that in form most closely 
resembles [10] but also tests the implications of [9]. We assume a perfect security market that offers a 
constant riskless interest rate to all borrowers and lenders and in which no transaction costs or taxes are 
incurred. 
 
In this paper, a simple financial market in which all construction activity occurs on a filtered probability 
space ( , F, Q) supporting Brownian motion on the finite time interval [0, TH] [1] is considered. It is further 
assume that the property price on which the option is based is equal to a stock with price  and the 
development cost of property is equal to strike price with .   
386   Tan Hui Shing et al. /  Procedia Economics and Finance  2 ( 2012 )  383 – 392 
4.2 Estimating Development Cost 
 
The total expected completion cost,  over time interval  is  
 
                                                                   (1) 
 
and             
                                      
where f  represents fixed cost or sunk capital at starting time and  is the expected incremental 
development costs over the time interval .  
 
The incremental development cost,  will be calculated based on 2 separated stages as shown in figure 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:   Accumulated construction cost along the construction stage 
 
Therefore, the total expected completion cost is defined as 
 
 
 
However, certain parts of   are realized as time goes by. For , the development cost,  is 
deterministic at time  and the cost to date  is 
 
 
 
where  is the instantaneous incremental development cost at .  
 
For , the development cost,  is followed a stochastic process along the construction stages 
and assumed follows the stochastic differential equation: 
 
                         (2) 
 
where  is the instantaneous change in the development costs,  represents constant continuously 
compounded interest rate,   represents constant volatility of development costs,  is the normally 
distributed random variable that follows Brownian motion and  is the change in  over a short 
period of time. 
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Hence, the development cost,  over the time interval  is 
 
 
 
where  is the stochastic future incremental  development cost at . Equation (2) defines the geometric 
Brownian motion given by 
 
,  
 
Therefore,    
 
Hence, the development cost for time interval  and accumulated at time T: 
 
    
 
           
 
                                   (3) 
 
where  is the expected total completion cost at time T,  is the stochastic component of development 
cost at  and the accumulation development cost of the property is  calculated over the time interval . At 
time , the total development cost,   will be consider as sunk cost that has already been incurred along 
the construction stage before completion time. 
 
4.3 Estimating Property Prices 
 
We assume that the property price, P is observable given by 
 
P = PD PS                                           (4) 
 
where PD is the deterministic component and PS is the stochastic component of the property price. The 
deterministic part of the property price, PD is to capture how much property value will change for a small 
change in each characteristic holding all other characteristics constant. Thus, the effects of different 
characteristics on price can be estimated. However, the pricing on deterministic part only represent the known 
information on pricing. Hence, we need to introduce PS to capture the changes due to the factors outside the 
set considered in . 
 
The stochastic part of property’s price, PS  follows the stochastic differential equation: 
 
                                           (5) 
 
where  is the instantaneous change in the property price,  represents continuously compounded 
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expected return on the property on , represents continuously compounded volatility of property return, 
 is the normally distributed random variable that follows Brownian motion and  is the change 
in  over a short period of time. 
 
Equation (5) defines the geometric Brownian motion at time  given by 
 
 
 
where  is the basic price level at time.  
 
Hence, the projected property price,  on time T at time 0 is 
      
   
 
 
 
However, the projected property price for time  is 
 
                      (6) 
 
where   is the stochastic price level at time T.  
 
4.4 Valuation of Project Value 
 
Assumptions similar as [6] was made claiming that there is equilibrium in the economy in which 
contingent claims on the pair of processes for the development costs and property price  are uniquely 
priced at time t ≥ T. [6] show that  satisfies the partial differential equation:  
 
                                (7) 
 
where  and  where  and  are constant parameters representing the excess 
mean return per unit of standard deviation. 
 
In our situation, the focus was on developed property so that the option is not a dividend paying asset. 
Hence, the payout rate,  for undeveloped property is equal to zero. The value of developed property 
 can be expressed as the solution to the fundamental valuation equation:  
 
                          (8) 
 
where  is the constant correlation between  and subject to appropriate boundary conditions.  
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Making a change of variables such as   and  , we obtain 
 
 
 
where   . 
 
To solve this differential equation, we assume as [6] that there is a ratio of the property price to 
development costs called “hurdle ratio”, z at which it is optimal to sell. The investor exercises optimally at 
this “hurdle ratio”, giving the “smooth pasting” condition. 
 
When hurdle ratio,  ,where k is the markup rate, developer willing to sell the property 
immediately at t = T. The project value with expiration time t = T  can be estimated as follow 
 
 
 
where  is the expected project value at time T,   is the expected price at T by equation (6) and 
 is the expected total completion cost at T by equation (3). 
 
Hence, project value at time on time T as follow 
 
  
 
 
 
 
Developer will use this estimated project value,  to grant a reasonable bringing loan from 
financial institutions or banks to finance their project. We hope that this valuation model also can provides a 
tool which developers can value their projects in a more accurate and quantitative way instead of only based 
on intuition and judgment. 
 
When hurdle ratio,  where  is the mark up rate, developer will choose to postpone the sales 
to an optimal point in future on the time where their markup rate is achieved.  
 
Hence, the valuation at time t >T are given as 
 
 
 
 
 
 
 
where   is the expected project value at time t,   is expected price at t after completion time, 
 is the expected total completion cost on time T at time t and r is the risk free rate. 
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However, developers will start to incur losses if they hold the properties over a longer period after 
completion of the development project. Hence, we apply perpetual American option concept in this situation 
to identify the optimal property price to sell to gain maximum profit instead of purely depend on mark up rate 
that set by individual developer. 
 
In summary, the pricing problem for construction project using perpetual American call option is to 
determine the project value  in  and the optimal exercise boundary . We want to 
establish a pricing model in continuation region   
 
By using -hedging principle from  formula, we can obtain a boundary value problem for . If 
, perpetual American project value,  satisfies the following free boundary problem: 
 
                       (9), (10) ,(11) 
 
To distinguish with the boundary  in the boundary value problem (9) to (11), we denote the optimal 
exercise boundary as  that is 
 
                                  (12) 
 
When ,  if and only if , . Geometrically, this means if and only if , the 
option price curve  is tangent to the exercise payoff curve  at . 
 
The geometrical meaning of (12) as shown in figure 4: 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Perpetual American Option Project Value Curve 
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In summary, the principle of the perpetual American option pricing is to let the developer to exercise the 
optimal strategy to maximize the project value to gain the most profits. In mathematics, this principle is 
equivalent to selecting the exercise strategy as at  such that both the option price  itself and its first 
derivative  are continuous when passing the exercise boundary  . 
 
Based on the optimal exercise boundary  , the valuation upon exercise at time t >T are given as 
 
 
 
 
 
where   is the expected project value at time t,   is expected optimal price at t ,  is the 
expected total completion cost on time T at time t and r is the risk free rate. 
 
5. Conclusion 
 
Analytical approach in real options framework as in section 4 will be used to solve the optimal time of sales 
and obtain the market values of the developed properties. This approach is able to quantify future uncertainty in 
an objective manner that grounded on observable facts. This framework could provide an estimation for the 
estate developement project intrinsic value which can serve as a basis for financial institutions to grant loans for 
financing property projects that have yet to be booked in any sales. Hence, it is important for the bank or 
financial institutions to be able to provide adequate interim project financing to developers that are not able to 
generate cash flow from the project itself until completion time under new BTS system.  
 
This analytical framework encourages further research to make sure it could be materialised under the BTS 
system. In further research, we can identify relevant criteria for house pricing from the perspective of 
contractors or valuators in Malaysia by using Delphi method. This approach can be used to validate the 
valuation estimated by the real option analysis approach as discussed in this paper. 
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